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Abstract The floral development 0f Ranalisma rostratum stapf．has been observed under scaIlrIirIg electron 
microscope(SEM)．Floral organogenesis 0fR．rostratum is generaly typical in Alismataceae，but it is unique 
in．1aving unidirectional development uptothe stage 0finitiation 0fthefirst sixi n i瑚0rdia．Theinitiation 
0fthe three 8印al primo~ a and the three petal pIiⅡl0Idiais in properorder．Theformer is clockwise and the lat- 
ter too．The 8印al a and the petal primordia initiate first towards the side 0f the flower a唧 吐to the 
lateral branch compleat 0fthe inflorescence．The transition from i n to carpel initiation OCCLm$at six sites al- 
ternafing with the first six stamens，s0nle 0fthem may be occu~ed by／ n primordia．Initation 0ffirst carpel 
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primordia alternate more or less with previous stamen primordia，but the initiation of later carpel primordia ap- 
pear to be spira1．In view of specifc condition occuring 01 the process ot"floral organogenesis，floral unidirec- 
tional development in R．rostratura may realy represent lre~l"vltio1' of$1CO_AE~sil,'e initiation oforigi~ spiral tac- 
ties and continuation ot"bilateral symmetry tactics ofthe inflorescence．Antisepalous characteristic ot"the first six 
Stallens，has even not been paid atention to，provides the evidence that the existence ot"petal—stamen conl— 
pl既 primordia is impossible in Rana／／sma．Basing 01 the diference ot"diferentiation floral conslueture，the 
relationship between Rana／／sma and Limnoeharitaceae is still discussed． 
Key words Alismataceae，Ran,alisma rostratml，Floral organogenesis 
Ranalisma。a genus of Arlsrmtace~ ， is a key group connected between Limnoeharitaceae and Alismataceae 
(Podunly＆C_．,harlton，1993；C_．,harlton，1991；Charlton＆Ahlned，1973a，1973b)．It compri~ two species~R． 
rostratum SIa ．，from Clfi腿，Vietnam and Malaysia，and R．hum／／e(Kuntze)Hutch．，fromtropical Africa．Some Irlor~ 
cal，anatomical and embryological studies ot"Ranalisma have been finished(Wang，1996 ；C_．,harlton，1991； 
C_．,harlton＆Ahmed，1973a，1973b)．Afterinvestigatingfloral organogensis 0fR．humi／e using epi—iluminiationlightmi— 
cIⅨ ，Charlton(1991)considered that unidirectional development with the same kind ot"trimery is special and typical 
in Alis／ ．He suspeaeo the existence ot"petal—stallei3 primordia(CA primordia)．The floral development ot"R． 
rostratum has not been stucrled SO that it becomes dificult to c~npare floral development ot"the two species and to evaluate 
exactly the characteristic ot"floral eonstruture in Ranalisma．The present paper relx)i't8 the floral organogenesis of R． 
rostratum ．The research glms at maldng arI inquiry into some key s~ ects and providing reliable evidencefor phylogenesis 
ot"Alismataceae．The s~ects alre morphological e~ence ot"floral unidirectional development，the possibility ot"petal—sta— 
men complex primordia(Ca primordia)and the relationship between Rand／srna and Limnoeharitaeeae． 
Plants ot"Ranalisma rostratumwere colectedin1993from natural pop,,i．t~oninOo,lg,i~ulg，Jiangxi，China and culti- 
vlted in the experimental wllelr field ot"Wuhan University，Hubei，China．Al experimental materials alre from this water 
field from 1993 to 1994．Inflorescence ot"al stages was immediately fixed and preserved in fonmlin—acetic acid—alcohol 
(F从 )．Voucher$pecin'le~were del~ited in the herbarium (WrI)ot"Wuhan University，China．Fixed materials were 
later preserved in 70％ alcohol—acetone series．Tle dissected piee~ were critical—point—dlied with co2 in a DCP一1 
appamlm．mounted 01 aluminum StUbS using double—face glue as adhesive，coatedwith gola—paladiunl andmicrograph 
taken with arI Hitachi S一650 sEM at 20kV． 
2．1 Otlplolgra~y 0ftile脚删胁 l~ nmmee柚d flower 
The bracts ot"inflorescence arange in pair8 and the irdlore~ence develops sympodialy in R．rostra,tun·Its flower， 
usualy solitary，is bisextud with three green herbaeeom sepals and three white membranous petals·There alre 6～10 sta‘ 
l'l~ns，and i'llinelrOUS carpels azran~ng spiraly 01 a convex receptacle．Each caIpel has a single basal anatropus ovule． 
· Wang JB，1996．Conservation bi 口gical studie~013 Rana／amaI'ostJ-Qtum，aIl endangered plalItin ChJiul~Life historytraits and 
mechanisms endange,mlent．Ph．D．Thesis．Wuhan．Wuhan Univ．(In ChinesewithE．gl~ ab日hact) 
维普资讯 http://www.cqvip.com 
3期 王玉国等：长喙毛茛泽泻的花器官发生 305 
2．2 The proe~ of floral orgalOgell~  
After the transition from vegetative to reproductive meristem，a fil,~t bract ofthe inflorescence initiates opposite to the 
last foliage leaf(Plate I：1)and then a second bract opposite to the fil,~t one．~ ently．the inflorescence meristem 
broadem and bifurcates．The bifurcation product aclj~ nt to the fil,~t bract gives rise to a lateral branch complex bud．It 
Call grow and become a vegetative bud and afloral bud(Wang，1996)；The product~acent to the second bract become8 
a floral meristem(Plate I：2)．111e floral meriste~n grows and~gins to diferentiate．Initiation ofthree sepal primordia is 
in proper order．The first sepal primordium initiates adjacent to the lateral branch complex bud earlier than the othel~ 
(Plate I：3，4)． sequence ofinitiation ofthem is clockwise(Plate I：4，5)．Initiation ofthree petal primordia is 
also in proper order，and the sequence ofinitiation ofthree petal primordia is s￡Ill】e direction，i
． e．clockwise(Plate I： 
5)．Side view of floral bud shows clearly that the petal primordia alternate with the sepal primordia(Plate I：6—10)． 
The petal primodium opposite tothe first sepal primodium Occurs laterthanthe other petal primordia(Plate I：5，8)．Af- 
ter initiation ofthe petal primordia，two stamen primordia will initiate at the comer between petal primordia and two adja． 
cent sepal primordia．It is woah noticing that two stamen primordia above the petal primordium close to the first sepal pri． 
mordium initiate in proper order(Plate I：6，7，10)．111e stamen primordium neslr the fil,~t sepal primordium initiates 
prior to the otherthough the two primordia locate in the position ofa呲 “whod”at later stage offloral development
． Ini． 
tiation ofthe two stamens adjacent to the third petal primordium is also in proper order(Plate I：8)．But folowing later 
synchronous development they appearto be nearly simultaneous(Plate I：9)．However，initiation ofthe two antisepalous 
stamens appears nearly simultaneous(Plate lI：11)．Initiation ofthe first six stamen primordia may be considered spiral 
~ ement if antisepalous stamen pair is regarded 0,8 a complex unit．Charlton(1991)did not notice it in the process of 
floral development in R．hum／／e．As developmental process goes on，the first six stamen primordia tend to develop syn． 
chronously(Plate lI：12)．Yetit can be seenthatthetwo stamenprimordia删acenttothefil,~t sepal primordium develop 
prior to the others． 
Folowinginitiation ofthefil,~t six stamen primordia，further stamen primordia occupythe relatively suitable positionif 
they exist(Plate lI：13—15，17)：One usualy orients opposite the second petal primordium(Plate lI：13)；Two orient 
separately opposite the second andthird petal primordia(Plate lI：17)；Three orient 8epaI'ately opposite the fil,~t，second 
and third petal primordia(Plate lI：14)；Four orient separately opposite the fil,~t，second and third petal primordia and 
the second sepal Nmo~um(Plate I：15)：Five fllgthel-stamen primordia(or more)are not observed in the flower ofR． 
rostratura．So initiation offurther stamen primordia after the first six can OCCUr in Succession．The appearance of suoces· 
sive primordia may be too short to be noticed easily．In matural flowel,~ofR．rostratura，there fire 6一stamen flowel,~and 
9一stamen flowel,~for the most part．Although further stamen primordia may be not in any semblance ofa[1'inlerous pattern 
in a few flowel,~，they confoITl essentialy to trin'lerous patern 0,8 far 0,8 the whole population is conceltled
． 
Initiation of carpel primordia becomes rather variable and there is no clear evidence that the numbel,~ofprimordia are 
reg,a~．The first carpel primordia are smal in relation to the circumference offloral mefistem and they fleem to arise 0
,8 a 
rather ilTegular whorl alternating mole or less with the previous stamens(Plate lI：12—16)．Further carpel primordia 
arise between and above previous one8(Plate lI：12，13，15，16)．Evel1 initiation of carpel primordia that appear to 
locate at the Ille whorl is not simultaneous．The initiation can not be regarded 0,8 a whorl initiation．on the contrary it 
螂 spiral initiation particularly in the later stage ofcarpel development(Plate lI：17，18)．However，In the last stage 
of carpel Initiation，every three carpel seemsto be a“whorl”and each has one ovule(Pl~ae II：19，2o)． 
As reported for R．hum／／e，floral organogenesis of R．rostratura is unidirectional at the earliest stages offloral de． 
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velotm~nt．However，Charlton(1991)only noticed that this phenoⅡle∞n occurs in the process of sepal and petal initia- 
tion，i．e．，both sepal and petal initation oCclr first on the 8alne side adjacent to the lateral branch complex ofthe flower 
bud．So successiveintiation ofthefirst stamen primordiais not been considered．Unidirectional development cal continue 
untilinitiation ofthefirst six stamen primoMia．Thetwo stamen p~anontia adjacenttothefirst sepal primordium ocl伽 earli- 
er than the others．And the two stamen prmordia adjacent to the second sepal primordium oCclr earlier than the two adja- 
cent to the third sepal pnmol~um．Floral unidrectional developme nt in Ranalisma ，unique type of Alismataceae，difers 
distinctly from 啦 一whod alterate intiation of floral prmordia in the other genus of Alismataceae，such as Alisma， 
S~ittaria，Echinodorus，Caldesia(Wang＆Chen，1997；Sattler＆Sinsh，1978；Snsh＆Sfl~tler，1977，1973， 
1972)．0n tl1e contrary，it is simi~ to spiral initation in涨 ways． en antisepalous stamen pair is regarcled as a 
complex unit，intiation of the first six stamen prmordia may be considered successive intiation．Analysised unidirectional 
development from the咄 of symmetry，symmetry ofthe floral bud is radial in the earlier phase ofnoral meristem before 
the sepal primordia intiate．When the in,st sepal pmnordium occurs，symmetry translates from radial symmetry to bilateral 
syrcanetry．Th en the floral bud is to maintain a ratherasymmetrical appearance because ofsequential initiation ofthe second 
and third sepal prmordia．If only it is explained as continuation of bilateral sy删TleIry tactics of the inflorescence as ex— 
plaifled in R．hum／／e by Charlton(1991)，efidenfly，the kind of syrcanetry can not be the case．Later，symmetry can be 
seen nearlybilateral as a resultof synchronous developmentof the second andthird sepalprmordia．Inmatmalflow ers．ra- 
dial symmetry is general but bilateral symmL~'y can be in the non一6(or9)stan~n$’flowers．As far as mDIp} 0 一 
cal~ lceis concemed ．floral unidirectional development maybe n 吧rva onof sucessiveintiationoforiginal spiraltactics 
inⅡ1e process of floral development and continuation of bilateral symmetry~ tics of the inflorescence． 
According to floral organngenesis in R．rostratum ，petal prmordia and first six stamen pnmonlia intiate indepen- 
dently．1he existence ofpetal一8 en complex pnmontia(CA prmo~lia)should be not only suspected as reported in R． 
hum／／e byCharlton(1991)．Antisepalous characteristic ofthefirst six stamens，has even not been paid atentionto，pro- 
rides the evidencethatthe existence of peta1一stamen complex pnmordiaisimpossibleinRana／~ma ．Alflumgh~me fimes 
there are siteswhere a petal pfixnontinm plustwopfimordiawil occur，a conlnionprimordia can notbe discerned as report- 
ed for S ￡t鲫 montev／dens／s(Rome Decraene＆Smet，1995)．hitiation of these primordia has distinct diference in 
sequence of time and spaual positon．Petal prmordium and two stamen primordia occupy separately two diferent whorls． 
Th ey occur in diferent sequence，even the two antipetalous stamen prmordia do not oDcur simultaneously，it is not found 
(or noticed)inⅡ1e noral development ofR．hum／／e by Charlton(1991)．Developmental studies indicate that pet8l—sta- 
Inen complex pfimordia afe not existing in the process offloral development of R．rostratum．Sa~tler and Sigh(1978) 
considered that antipetalous stamen p吕IiI8 were general eharaeterstie offloral coustrutl~e in AlislBg~ es．Evidently，Wisher- 
ia is al exception as a result ofonly three stflln~ns，and m )c7 伽 is also arI excel~iun because three simultaneous 
stflnl~ns replace stamen pair．Wang and Chen(1997)observed that枷 peIalous stamen pair is exactly not existing in the 
initiation process offloral organngenesis ofCadisiaparnassifolia．So this point ofSatler and Singh(1978)is not suitable． 
Antipetalo~ stamen pairs should be not regarded as general eharaoterstie of floral construture in AlislBg~ es，even this 
point narrowed down the scope of Alismataceae，it is in question． 
Floral developmentof R．rostratum does not exhibittoomuch relationshipwith Imme charitaceaethandevelopment of 
inflorescence and pseudostolon．Its centripetal development of andro~ium difers distinctly from cenUif~gal development of 
arKhDeci岫 in Limnocharitaceae e．g．Hydrocleys，Limnocharis)though it can be interpreted as secoIldary(Sattler＆ 
Sinsh，1978；Leim，1975；Leim＆ er，1973)．This indicmes that the evolution offlower and inflorescence in the 
two families is not parale1．It ma y be result from floral development tend toward diferent directions owning to long—term 
natural selection in diferent environments． 
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Plate I 1．The inflorescence meristem(I)has grown away from the vegetative bud(V)which is left~acer,t to 
the removed foliage leaf(rL)．The vegetative bud has formed a proohyn(Pr)(X 480)．2．The intlorescenee meristem 
has bifurcated，leaving a lateral branch complex meristem(IJBC)~jacer,t to the first bract(B1)and the floral merist~m 
(F)a,tjacer,t to the second bract(B2)(X 575)．3．The first sep．1 primordium(Se1)initiates first at the site ot"bulge ad· 
jaeent tothe lateral branch complex(LBC)(X 380)．4．Showing successive initiation ot"the three sep．1 primordium(Sel， 
Se2 and se3)(×34o)．5．Showi~ successive initiation ofthe sep．1 and petal primordium(Sel，Se2，Se3，P1，P2 and 
P3)(X 350)．6．Showing initiation 0fthe first sepal primordium(Se1)and the third sep．1 primordium(Se3)，the first 
sep．1 primordium prior to the third sep．1 primordium，the first petal primordium has been intialed(X400)．7．Side view 
0ffloral bud with the first sep．1 primordium(Se1)and the seond sepal primordium(Se2)showi~ initiation 0fthe second 
petal primordium(P2)(X400)．8～9．Side view 0fthe bud with the second sep．1 primordium(Se2)and the third sepal 
primordium(Se3)and the third petal primordium(P3)showing successive initiation(in Plate I：8)and folowing syn- 
ch_ronol8 development(in Plate I：9)ofthe two Stalnen primordia(S，s)(X 385；(3oo)．10．Side view 0f floral bud 
with the first sep．1 primordium (Se1)and the second sep．1 primordium(Se2)and the second petal primordium show~ 
initiation oftwo 8ta／nen primordia a,tjacer,t to the second sep．1 primordium，the stlt／nen primordium near the first sep．1 pri· 
mordium OCCtI~first．(X 36o) 
Plate lI 11．Side view ot"floral bud showing simulateous initiation ot"the two stamen primordia(S)adiaclent to the 
first sep．1 primordium(Se1)．(X 400)12．Show~ the floral bud with 6 stamen primordia．The two 8ta／nen primordia 
rleal"the first sepal primordium(IIas been removed，black alOW puts out its po6ition)are 1ar8er than the others(X 22o) 
13～17．Showing appearence 0f7—10 8ta／nen(Or stamen primordia)and their relative po6ition，the first caq)el primordia 
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(c)arange in aJl iregular whorl alternating with the previous stamen primordia，folowing carpel primordia(e )whorl al- 
ternate more or less with the privous stamen InoIdia and the first carpel primordia(c)in Plate 1I：16(×450)．1I： 
13，Ⅱ：17，Ⅱ：14 andⅡ：15 Show separately the noml bud with 7，8，9，10 stamen primordia(×300，×165，× 
350，×250)．Black alTOW puts out the positon of the first sepal primordiam rcmov~ in Plate II：13 and 17．17—18． 
Initation of carpel primordiain(showing by white arows in PlateⅡ：17)in the later carpel development seem to be spiral 
(×165，×200)．1920a，b．Showing carpel primordia(e，e )In the later stages offloral Initiation，every three carpel 
Seelns a whorl(PlateⅡ：19，20a，b)and each has one ovule(PlateⅡ：20b)(×135，×150，×ll0)． 
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方的内容根据最新研究成果稍作修改或补充，如第 19页图 1—3—1中 2的菌丝横隔上应有锁状联合；外 
担菌 (Exobasidium)的担孢子在担子孢梗 (sterignmta)上的着生方式在担子菌中是十分特别的，但在第 
26页图 1—3—5中没有正确反映出来；第 36页谈到我国有 Amo~tct c~oxea和其变种，按现代真菌物种概 
念和据新近的研究结果，上述两个 “欧洲、北非”的分类群在我国可能没有分布；第 37页论及到的鸡纵 
菌的学 名似应 为 册 幻m eH s(Berk．)Heim，而非 T．albuminosus(Berk．)Heim (=Agaricus 
albuminosus Berk．)。Peghr和 Rayner(1969)研究了 Agaricus albuminosus Berk．的模式标本后发现它是大环 
柄菇属 (Macrolepiota)的一成员 (Pegler，1972)，后经进一步研究认为它是 Leucocoprinus cepaestipes(Sow．： 
Fr．)Pat．的异名 (Pegler，1986)。第 74页图 2—2—23、第 152页图 2—3—106B及第 153页图 2—3—108A 
是转载它书 (文)的，非常重要的细节在多次临摹后已荡然无存，摆在读者面前的临摹图与最初发表的原 
图相比似乎已面目全非，这难免会让读者产生误解。 
杨祝 良 (中国科学院昆明植物研究所) 
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